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Abstract 
The human photo i n t e r p r e t e r  and t h e  computer have complementary 
c a p a b i l i t i e s  t h a t  are exploi ted i n  a computer-based data  ana lys i s  
system developed a t  t h e  Forestry Remote Sensing Laboratory, University 
of Cal i fornia .  This system is  designed t o  optimize the  process of 
ex t rac t ing  resource information from ERTS images. 
The human has t h e  a b i l i t y  t o  quickly d e l i n e a t e  gross differences i n  
land classes, such a s  wildland, urban, and a g r i c u l t u r e  on appropriate  
ERTS images, and t o  fur ther  break these gross classes i n t o  meaningful 
subclasses.  I n  a g r i c u l t u r a l  a reas ,  the  subclasses  can be del ineated on 
t h e , b a s i s  of general  tone and tex ture  d i f fe rences  t h a t  relate t o  crop 
type and f i e l d  s i z e .  I n  the  wildland areas ,  de l inea t ions  can a l s o  be 
made, based on tone and tex ture ,  which represent  general  vegetat ion 
systems, such as grasslands,  brush, trees, and barren areas.  The com- 
puter ,  however, can more e f f i c i e n t l y  analyze point-by-point s p e c t r a l  
information and local ized t e x t u r a l  information which can r e s u l t  i n  a 
much more de ta i led  a g r i c u l t u r a l  o r  wildland c l a s s i f i c a t i o n  based on 
species  composition and/or p l a n t  associat ion.  
These human and computer c a p a b i l i t i e s  have been in tegra ted  through 
t h e  use of an inexpensive small  scale computer dedicated t o  the inter- 
a c t i v e  preprocessing of the  human inputs  and t h e  display of raw ERTS 
images and computer c l a s s i f i e d  images. 
a l a r g e  s c a l e  computer system wherein the  bulk of t h e  s ta t i s t ica l  work 
and the  automatic point-by-point c l a s s i f i c a t i o n  is done. 
The small computer is linked t o  
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Introduct ion 
When processing ERTS imagery, several f a c t o r s  a f f e c t i n g  the cost  
and accuracy of land use c l a s s i f i c a t i o n  become apparent. 
numerous, i r r e g u l a r l y  shaped areas i n  the  imagery which can be rapidly 
del ineated i n t o  classes by t h e  photo i n t e r p r e t e r  accurately enough t o  
m e e t  user  requirements. (2) Some of these areas, because they are of 
l i t t l e  o r  no i n t e r e s t  t o  t h e  user ,  can be disregarded. (3) I n  loca l ized  
areas, d e t a i l e d  automatic s p e c t r a l  p a t t e r n  c l a s s i f i c a t i o n  of p lan t  
species  and p l a n t  communities can be done with a high degree of accuracy. 
( 4 )  Computer c l a s s i f i c a t i o n  cos ts  increase rap id ly  with the  number of 
classes being considered f o r  each p i c t u r e  element. 
one-to-one re la t ionship  between the  number of points  being c l a s s i f i e d  
and the cos t  of computer c l a s s i f i c a t i o n .  
(1) There are 
( 5 )  There is a 
With these f a c t o r s  i n  mind, a hardware-software system has been 
developed a t  t h e  Forestry Remote Sensing Laboratory t h a t  i n t e g r a t e s  
human and computer c a p a b i l i t i e s  t o  increase c l a s s i f i c a t i o n  accuracy and 
reduce processing costs .  
The System 
Because of t h e  higher cos t  of tying up a l a r g e  scale computer t o  do 
i n t e r a c t i v e  processing, a "mini" computer with a s u b s t a n t i a l  set of 
i n t e r a c t i v e  per ipherals  (Figure 1) has been implemented. A l l  of the 
ERTS tape reformatt ing,  t r a i n i n g  area ext rac t ion ,  coordinate d i g i t i z i n g  
and image display can be done on t h i s  i n t e r a c t i v e  system. 
i s  linked v i a  dedicated,  high speed communication l i n e s  t o  t h e  CDC 
6600-7600 computer complex at  t h e  University of Cal i forn ia  Lawrence 
Berkeley Laboratory, where the  major computational tasks  are performed. 
Although the  system is used i n  t h e  processing of ERTS da ta  both manually 
and automatically,  of g r e a t e r  i n t e r e s t  here  is t h e  in tegra t ion  of human 
and computer c a p a b i l i t i e s .  
This system 
Process i n g  
Human and automatic processing of t h e  ERTS da ta  goes on i n  parallel  
as shown i n  Figure 2 t o  t h e  point  where the  information generated by 
both methods i s  merged and t h e  f i n a l  product is output i n  t h e  form of a .  
c l a s s i f i e d  image and summary statistics. 
Human processing starts using t h e  appropriate  ERTS image of the 
study area. The i n t e r p r e t e r  quickly de l inea tes  gross differences i n  
land use classes, such as wildland, urban and h r i c u l t u r e .  I f  possible ,  
these classes are f u r t h e r  subdivided i n t o  meaningful subclasses.  I n  
a g r i c u l t u r a l  areas, they can be del ineated on t h e  b a s i s  of general  tone 
and tex ture  d i f fe rences  t h a t  relate t o  crop type and f i e l d  s i z e .  I n  
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wildland areas, de l inea t ions  which represent  general  vegetat ion systems 
such as grasslands,  brush, trees, and barren areas, can also be made 
based on tone and tex ture .  The boundaries of t h e  strata are then 
d i g i t i z e d  and recorded on magnetic tape,  using e i t h e r  t h e  comparator o r  
coordinate d i g i t i z e r ,  and a descr ip t ion  of t h e  ind iv idua l  s t ra tum is 
entered on t h e  tape. The image coordinates of cont ro l  po in ts  are also 
recorded t o  be used t o  relate the  image coordinate system t o  the ERTS 
t ape  coordinate system. 
A t  t h i s  point  in  t h e  processing, the  tape coordinates of t h e  
cont ro l  po in ts  obtained from t h e  reformatted study area along with 
scale and skew d a t a  are input  i n t o  a transform which then converts 
photo i n t e r p r e t e r  strata coordinates t o  tape da ta  coordinates. This 
transformation is v e r i f i e d  and then applied t o  the  d i g i t i z e d  coordi- 
na tes  of t h e  strata boundaries. This produces a point-by-point over- 
l a y  i n  which each boundary poin t  corresponds t o  an ERTS p i c t u r e  
element. Within these  boundaries each poin t  on t h e  ERTS tape is then 
assigned t o  t h e  corresponding photo i n t e r p r e t e r  strata. The t r a i n i n g  
set f o r  automatic c l a s s i f i c a t i o n  i s  ex t rac ted  by stratum from the ERTS 
image, statistics computed and test sets c l a s s i f i e d  t o  ensure accurate  
c l a s s i f i c a t i o n  wi th in  each stratum. 
The next s t e p  is the  d e t a i l e d  c l a s s i f i c a t i o n  of each of the  ERTS 
p i c t u r e  elements. A p i c t u r e  element and t h e  corresponding s t r a t i f i c a -  
t i o n  point  are read. 
the  c l a s s i f i c a t i o n  is done and t h e  r e s u l t s  put i n  t h e  corresponding 
poin t  of output image. I f  not ,  t h e  photo i n t e r p r e t e r  stratum is put 
i n  t h e  output image. This is continued point-by-point o r  by some 
sampling scheme u n t i l  t h e  processing is completed. The r e s u l t a n t  
image is  a combination of photo i n t e r p r e t a t i o n  and automatic c l a s s i f i -  
ca t ion  with a s ta t is t ical  summary of the c l a s s i f i c a t i o n .  A s  an 
a l t e r n a t i v e  t o  photo i n t e r p r e t e r  de l inea t ion  of strata,  e x i s t i n g  
geological ,  geographical,  o r  p o l i t i c a l  maps can be used t o  s t r a t i f y  
t h e  ERTS da ta  f o r  c l a s s i f i c a t i o n  o r  used t o  p a r t i t i o n  the  s ta t is t ical  
summary i n t o  meaningful report ing areas a f t e r  c l a s s i f i c a t i o n .  
I f  the  strata is one t o  be s p e c t r a l l y  c l a s s i f i e d ,  
Conclusions 
Computer cos ts  are reduced s i g n i f i c a n t l y  by reducing the  number of 
classes t o  be considered during automatic point-by-point c l a s s i f i c a t i o n .  
I f ,  f o r  example, 40 classes e x i s t  over t h e  e n t i r e  study area but  through 
s t r a t i f i c a t i o n  only 8 classes are considered f o r  each point  using ten 
strata, a 4 t o  1 reduct ion i n  computer c o s t s  would be real ized.  A 
second source of saving is t h e  el iminat ion of areas from automatic 
c l a s s i f i c a t i o n  by i n t e r p r e t e r  de l inea t ion  when t h e  human can adequately 
spec i fy  t h e  land use o r  t h a t  t h e  area is not  of i n t e r e s t  t o  the  resource 
manager. This saving is near ly  one t o  one f o r  each point  eliminated, 
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but the saving is  reduced by the computational overhead needed t o  
determine the point-by-point strata assignment. 
The c l a s s i f i ca t ion  accuracy is increased s igni f icant ly  by 
separating, through s t r a t i f i c a t i o n ,  classes t h a t  have spec t ra l  
signatures so similar tha t  they cannot be separated by the discriminant 
analysis routine.  Preliminary r e su l t s  ind ica te  tha t  t h i s  separation is 
important between strata i n  the  agr icu l tura l  areas and between wildland 
and ag r i cu l tu ra l  areas. 
Future Work 
This in te rpre ta t ion  technique w i l l  be tes ted i n  the wildland 
ag r i cu l tu ra l  complex t o  determine the optimum mix of human and 
computer e f fo r t s .  The next major developmental s t ep  along these l i nes  
w i l l  be the joining of adjacent images through the use of computer 
mapping techniques. 
geographic regions to, a common base through the integrat ion of human 
and computer capabi l i t i es .  
This w i l l  allow the  inventory and mapping of l a r g e  
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Figure 2. 
This flow chart represents the basic 
processing of 'an ERTS image that 
integrates the hman and computer 
infomation extxaction capabilities 
to optimize the cost effectiveness 
of the system. 
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